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FIG. 21
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FIG. 22
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FIG. 23

{ START )

¥
{GENERATE DATA HELD INCLUDING DATA —~ 2302

Y
GENREATE SIGNAL FELD INCLUDING INFORMATION REGARDING DATA HELD 2304

'

GENERATE DATA FRAME INCLUDING DATA FIELD AND SIGNALFIEED 2306

¥
TRANSMIT DATA FRAME TO RECEPTION TERMINAL -~ 2308

END



U.S. Patent Oct. 27, 2015 Sheet 24 of 24 US 9,172,447 B2

FIG. 24
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METHOD AND APPARATUS FOR
TRANSCEIVING DATA IN A MIMO SYSTEM

CROSS REFERENCES

The present application is a continuation of U.S. patent
application Ser. No. 13/783,192 filed on Mar. 1, 2013, which
is a continuation of U.S. patent application Ser. No. 13/443,
635 filed on Apr. 10, 2012, which is a continuation of PCT/
KR2011/001740 filed on Mar. 11, 2011, which claims prior-
ity of Korean Patent Application No. 10-2010-0068168 filed
on Jul. 14, 2010, Korean Patent Application No. 10-2010-
0066851 filed on Jul. 12, 2010, Korean Patent Application
No. 10-2010-0066599 filed on Jul. 9, 2010, Korean Patent
Application No. 10-2010-0063638 filed on Jul. 1, 2010,
Korean Patent Application No. 10-2010-0022033 filed on
Mar. 12, 2010, and Korean Patent Application No. 10-2010-
0021576 filed on Mar. 11, 2010, which are incorporated by
reference in their entireties.

TECHNICAL FIELD

The present invention relates to a method and apparatus for
transmitting and receiving data, and more particularly, to a
method and apparatus for transmitting and receiving data in a
multiple input multiple output (MIMO) system.

BACKGROUND ART

A wireless local area network (WL AN) basically supports
a basic service set (BSS) mode including an access point (AP)
serving as a connection point of a distribution system (DS)
and a plurality of stations (STAs), not APs, or an independent
BSS (IBSS) mode including only stations (STAs) (hereinat-
ter, AP and STA will be referred to as a ‘terminal’).

In a communication system such as a WLAN, or the like, a
frame (or a data frame) and length information regarding the
length of the frame are exchanged between a media access
control (MAC) layer and a physical (PHY) layer. In order to
inform a receiver (or a receiving end) about the end of the
frame, the PHY layer of a transmitter (or a sending end)
includes a header having the information regarding the length
of the frame in the frame and transmits the same, or adds a
delimiter including information indicating the end of the
frame in the end of the frame. Accordingly, in the PHY layer
of the receiver recognizes the end of the received frame by
using the length information or the delimiter information
having a particular format included in the received frame.

An international standard of the WLAN by IEEE 802.11
defines a data unit processed in the MAC layer, as a MAC
protocol data unit (MPDU). When the MPDU is transferred
from the MAC layer to the PHY layer, it is called a PHY
service data unit (PSDU). The information regarding the
length of the frame for recognizing the end of the frame is
transferred, along with the PSDU, from the MAC layer to the
PHY layer. The PHY layer of the transmitter transmits the
information regarding the length of the frame together with
the data to the receiver. A decoder of the PHY layer of the
receiver restores the MPDU included in the PSDU by the
length indicated in the length information by using the length
information included in a signal symbol of a physical layer
convergence protocol (PLCP) preamble of the received
frame, and transfers the restored data and length information
to the MAC layer.

For communication based on the standard IEEE 802.11,
various methods are used for the transmitter to transter length
information to the receiver. For example, in 802.11b, a PLCP
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2

header includes time information having a size of 16 bits, and
in 802.11a/g, an L-SIG field of a PLCP preamble includes
length information having a size of 12 bits representing the
length of a frame by byte. Also, in 802.11n, an HT-SIG field
of the PL.CP preamble includes length information having a
size of 16 bits representing the length of an MPDU or an
A-MPDU (Aggregated-MPDU) of the MAC layer by byte.

DISCLOSURE
Technical Problem

The present invention provides a method and apparatus for
accurately informing a receiver about the end of a transmitted
frame to thus allow the receiver to effectively restore the
frame, in a communication system in which a frame is trans-
mitted by using multiple input multiple output (MIMO).

The foregoing and other objects, features, aspects and
advantages of the present invention will be understood and
become more apparent from the following detailed descrip-
tion of the present invention. Also, it can be easily understood
that the objects and advantages ofthe present invention can be
realized by the units and combinations thereof recited in the
claims.

Technical Solution

In an aspect, a method for transmitting data by a transmis-
sion terminal to a reception terminal in a multiple input mul-
tiple output (MIMO) system includes generating a data field
including the data, generating a signal field including infor-
mation regarding the data field, generating a data frame
including the data field and the signal field, and transmitting
the data frame to the reception terminal.

In another aspect, a method for receiving data, by a recep-
tion terminal, transmitted from a transmission terminal in a
multiple input multiple output (MIMO) system includes
receiving a data frame including a data field including the data
and a signal field including information regarding the data
field, decoding the data frame and outputting the signal field
and the data field, and obtaining the data from the data field by
using the signal field.

In another aspect, a transmission terminal for transmitting
datato a reception terminal in a multiple input multiple output
(MIMO) system includes a data field generation unit gener-
ating a data field including the data, a signal field generation
unit generating a signal field including information regarding
the data field, a data frame generation unit generating a data
frame including the data field and the signal field, and a
transmission unit transmitting the data frame to the reception
terminal.

In another aspect, a reception terminal for receiving data
transmitted from a transmission terminal in a multiple input
multiple output (MIMO) system includes a reception unit
receiving a data frame including a data field including the data
and a signal field including information regarding the data
field, a decoding unit decoding the data frame and outputting
the signal field and the data field, and a data obtaining unit
obtaining the data from the data field by using the signal field.

Advantageous Effects

According to embodiments of the present invention, in a
communication system in which a frame is transmitted by
using MIMO, the end of a transmitted frame is accurately
informed to a receiver, so the receiver can effectively restore
the frame.
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DESCRIPTION OF DRAWINGS

FIG. 1 shows a method for informing about the end of a
frame by using a transmission duration and frame padding.

FIG. 2 shows an embodiment in which information regard-
ing the end of a frame is provided to a receiver by using
transmission duration information and frame length informa-
tion according to an embodiment of the present invention.

FIG. 3 shows another embodiment in which information
regarding the end of a frame is provided to a receiver by using
transmission duration information and frame length informa-
tion according to an embodiment of the present invention.

FIG. 4 shows a PPDU format of MU-MIMO to which a
data transmission and reception method according to an
embodiment of the present invention is applied.

FIG. 5 shows the configuration of a VHT-DATA field
according to an embodiment of the present invention.

FIG. 6 shows a format of a PHY service data unit (PSDU)
included in the VHT-DATA field in FIG. 5.

FIG. 7 shows an embodiment in which length information
of'the PSDU is designated in the VHT SIG-B according to the
present invention.

FIG. 8 shows an embodiment in which length information
is designated by using a service field according to the present
invention.

FIG. 9 shows an embodiment in which length information
is designated by using both a VHT-SIG B field and a service
field according to the present invention.

FIG. 10 shows an embodiment in which a length field of a
PSDU is protected by using a parity bit according to the
present invention.

FIG. 11 shows an embodiment in which a symbol length of
each user is transferred to the receiver according to the present
invention.

FIG. 12 shows a method for protecting the VHT-SIG B
field in the embodiment of FIG. 11.

FIG. 13 shows an embodiment in which length information
of the PSDU is transmitted in units of Qword (4 bytes)
according to the present invention.

FIG. 14 shows an embodiment in which only the length
information of the PSDU is included in the VHT-SIG B field
according to the present invention.

FIG. 15 shows an embodiment in which length information
is represented by combining a MAC padding scheme and a
length indication scheme according to the present invention.

FIG. 16 shows embodiments in which an additional tail pad
of FIG. 15 is substituted according to the present invention.

FIG. 17 is a block diagram for explaining an insertion of a
PHY pad performed in a PHY layer.

FIG. 18 shows a modulation scheme of the VHT-SIG B and
a data representation scheme according to bandwidth.

FIG. 19 illustrates a PPDU format according to an embodi-
ment of the present invention.

FIG. 20 illustrates a PPDU format according to another
embodiment of the present invention.

FIG. 21 shows the configuration of a transmission terminal
according to an embodiment of the present invention.

FIG. 22 shows the configuration of a reception terminal
according to an embodiment of the present invention.

FIG. 23 is a flow chart illustrating a process of a data
transmission method according to an embodiment of the
present invention.

FIG. 24 is a flow chart illustrating a process of a data
reception method according to an embodiment of the present
invention.

MODE FOR INVENTION

The foregoing and other objects, features, aspects and
advantages of the present invention will be described in detail
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4

in conjunction with the accompanying drawings, and accord-
ingly, a person skilled in the art to which the present invention
pertains will easily implement the technical concept of the
present invention. In describing the present invention, if a
detailed explanation for a related known function or construc-
tion is considered to unnecessarily divert the gist of the
present invention, such explanation will be omitted but would
be understood by those skilled in the art. The embodiments of
the present invention will now be described with reference to
the accompanying drawings, in which like numbers refer to
like elements in the drawings.

For communication based on the standard IEEE 802.11,
various methods are used for a transmitter (or a sending end)
to transfer length information to a receiver (or a receiving
end). For example, in 802.11b, a PLCP header includes time
information having a size of 16 bits, and in 802.11a/g, an
L-SIG field of a PLCP preamble includes length information
having a size of 12 bits representing the length of a frame by
byte. Also, in 802.11n, an HT-SIG field of the PLCP preamble
includes length information having a size of 16 bits represent-
ing the length of an MPDU or an A-MPDU (Aggregated-
MPDU) of the MAC layer by byte.

Meanwhile, in 802.11ac, multiple input multiple output
(MIMO) wireless transmission using multiple antennas is
used. In 802.11ac, MIMO is divided into a single user MIMO
(SU-MIMO), a 1:1 transmission, and a multi-user-MIMO
(MU-MIMO) in which multiple frames are simultaneously
transmitted to several users by using spatial division multiple
access (SDMA). In 802.11ac, when SU-MIMO is used,
length information may be included in an SIG field for
802.11ac to inform a receiver about the length of a frame.
However, when MU-MIMO is used, since the length of each
of'the frames transferred to several users may be different, a
different method for informing each user about the end of a
pertinent frame is required.

When a MU-MIMO downlink transmission section ends,
reception those which require a response, among reception
terminals (e.g., STAs), may sequentially transmit an ACK
protocol to a transmission terminal (e.g., AP). Here, various
methods may be used to inform each of the reception termi-
nals about the order and a transmission reference time for
transmitting an ACK protocol. For example, information
regarding the ACK protocol transmission order may be pro-
vided to each of the reception terminals by using a previously
transmitted frame. Also, in order to inform each of the recep-
tion terminals about a transmission reference time, transmis-
sion duration information indicating a point in time at which
an MU-MIMO downlink transmission section ends may be
included in an SIG field for 802.11ac, whereby information
regarding the length of a PPDU transmitted during the longest
period of time can be provided to each of the reception ter-
minals. In the case of using such an SIG field, even when a
certain reception terminal is allocated a spatial stream having
a short length, an actual channel performs transmission dur-
ing the longest spatial stream, so the channel is in a busy state.
When a frame reception of a reception terminal which
receives the longest PPDU is terminated, the channel
becomes idle, and thereafter, each of the reception terminals
transmits an ACK protocol to the transmission terminal
according to a determined procedure.

One of the methods for indicating the end of a frame by
using a delimiter is recognizing a maximum number of sym-
bols of MU-MIMO transmission through transmission dura-
tion information and filling up to the last symbol of a frame
with delimiter padding, MAC padding, and PHY padding. A
PHY service data unit (PSDU) transferred from the MAC
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layer to the PHY layer includes useful data and padding
information, and the delimiter padding and MAC padding are
classified as non-useful data.

FIG. 1 shows a method for indicating the end of a frame by
using transmission duration and frame padding. When a
transmitter transmits a frame by using frame padding as
shown in FIG. 1, a PHY layer of a receiver cannot know the
length of useful data. Thus, a decoder of the PHY layer of the
receiver restores delimiter padding, MAC padding, and the
last PHY pad bit excluding a tail of the last symbol, as well as
the useful data of the received frame. Here, when the PHY pad
bit has a size of 7 bits or smaller, which fails to constitute 1
octet, it is discarded, and then other restored data is trans-
ferred to a MAC layer. As a result, the PHY layer of the
receiver cannot transfer the length of the useful data to the
MAC layer through RX VECTOR.

Here, the MAC layer receives a padded MAC frame. Thus,
the MAC layer cannot recognize the end of the received frame
until it parses the last delimiter of the frame, so it can accu-
rately restore the MAC frame after recognizing the end of the
frame. In this method, the length of the frame extends by
using a null delimiter applied to the A-MPDU of 802.11n, so
inthe MAC frame, only A-MPDU, rather than MPDU, should
be necessarily used.

In this manner, in the communication method using
MIMO, in particular, MU-MIMO, in order to allow the
receiver to effectively restore the frame, the information
regarding the end of the transmitted frame is required to be
accurately provided to the receiver. The present invention
relates to a method and apparatus for accurately informing a
receiver about the end of a transmitted frame, to thus allow the
receiver to effectively restore the frame.

The present invention will now be described in detail
through the embodiments.

In MU-MIMO, frames, each having a different length, are
simultaneously transmitted to several users, and each frame is
transmitted to a reception terminal of each user through
beamforming. Here, in order to inform each reception termi-
nal about the end of a frame, the following two methods may
be used.

The first method is including, by a PHY layer of a trans-
mitter, a length field in an SIG field or a service field, of each
user. The second method is filling, by a MAC layer, a remain-
ing frame with padding information such that it has the same
number of OFDM symbols as that of the longest frame among
transmitted frames, and transferring the same to the PHY
layer. Then, the PHY layer includes information regarding the
number of OFDM symbols of each frame in an SIG field, and
aMAC layer of a receiver may recognize the end ofa received
frame by frame parsing.

In the MU-MIMO transmission section, in order to inform
the receiver about the end of transmission and the end of
MU-MIMO spatial stream, a transmission duration and frame
length information are used. When a signal field is transmit-
ted to multiple users, information commonly required for the
users is included in a common signal field and information
regarding each user is included in a dedicated signal field and
transmitted. The transmission duration information is com-
mon information of all the terminal participating in the MU-
MIMO transmission must know for a clear channel assess-
ment (CCA) deferral, so it is included in the common signal
field. Meanwhile, since the lengths of the respective frames
are different, the frame length information may be included in
per-user information (or per-user info) of the dedicated signal
field, e.g., a VHT-SIG field.

Here, the length information may be 1) length information
of PSDU, 2) length information of A-MPDU or MPDU
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among elements constituting the PSDU, or 3) length infor-
mation of A-MPDU or MPDU, actual data information
among MAC padding information. The types of such length
information represent an embodiment of the present inven-
tion, and various types of information can be expressed
according to length expression methods.

FIG. 2 shows an embodiment in which information regard-
ing the end of a frame is provided to a receiver by using
transmission duration information and frame length informa-
tion according to an embodiment of the present invention. In
the present embodiment, when the transmitter transmits a
frame, it includes transmission duration information and
frame length information in the VHT-SIG field and transmits
the same. The PHY layer of the receiver recognizes a trans-
mission termination time (or a transmitter time) through the
transmission duration information and transfers it to the MAC
layer. Here, the PHY layer informs the MAC layer about a
reference time through an RX-VECTOR ora CCA idle event,
and the MAC layer calculates a time at which an ACK pro-
tocol is to be transmitted to the transmission terminal by using
reference time information.

Also, the PHY layer of the receiver restores the length
information and the decoder restores the data by using the
restored length information. Here, the MAC layer knows the
accurate length of the frame through RX-VECTOR, so there
is no need to perform additional delimiter matching ina MAC
protocol.

In the embodiment of FIG. 2, the receiver can know the
actual length information of the frame by using the length
information, the PHY layer can perform decoding only by the
designated length and terminate it. Thus, power and time
required for decoding can be reduced. Also, the MAC layer
does not perform delimiter parsing, the same effect can be
obtained.

FIG. 3 shows another embodiment in which information
regarding the end of a frame is provided to a receiver by using
transmission duration information and frame length informa-
tion according to an embodiment of the present invention.
When transmission of a short stream is first finished in the
MU-MIMO transmission section, transmission power of the
transmitter is reduced. Accordingly, reception power is also
reduced when a corresponding signal is restored in the
receiver, and in this case, a problem may arise with a detection
of a signal which has not been completely received yet
(namely, which is longer than other signals) in the receiver.

Thus, in order to solve the problem, the transmitter fills a
spatial stream of each ofthe other remaining frames, based on
a frame having the longest transmission duration, with PHY
pad. As a result, frames having the same transmission dura-
tion are generated as shown in FIG. 3, so the transmitter can
transmit the frames in the transmission duration period by
using uniform power. The receiver can stably detect data from
a spatial stream having the longest frame, and the reception
terminal which receives a short spatial stream does not per-
form unnecessary decoding through the length information.
Here, the PHY pad inserted in the transmitted does not affect
the detection of the end of the frame in the receiver.

FIG. 4 shows a PPDU format of MU-MIMO to which a
data transmission and reception method according to an
embodiment of the present invention is applied. In FIG. 4, an
L-STF field, an L-LTF field, and an L-SIG field are the same
as those of 802.11a/g. Meanwhile, a VHT-SIG A field
includes information commonly applied to every user frame,
and a VHT-SIG B field provides information required for
each user.

InFIG. 4, the VHT-SIG field includes the VHT-SIG A field
and the VHT-SIG B field in both SU-MIMO and MU-MIMO
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systems. The VHT-SIG A and the VHT-SIG B fields are
modulated according to BPSK and have a long guard interval.

The VHT-SIG A field has common information applied to
every terminal which receives the PPDU. Meanwhile, in the
MU-MIMO system, the VHT-SIG B field includes informa-
tion applied to individual users, respectively, and is transmit-
ted to each user through spatial multiplexing. Multiple users
for simultaneous transmission may be limited to four users.

Table 1 below shows the configuration of the VHT-SIG B
field used in the SU-MIMO and MU-MIMO systems.

TABLE 2

MU - Bit allocation SU - Bit allocation

SIG B Fields 20 MHz 40 MHz 80 MHz 20 MHz 40 MHz 80 MHz
DWORD 16 17* 19* 17 19 21

(4 bytes)

Length

MCS 4 4 4 — — _
RSVD 0 0 0 2 2 2
Tail 6 6 6 6 6 6
Total # bits 26 27%* 29%* 26 27%* 29%*

The VHT-SIG B is modulated according to BPSK. In an
embodiment of the present invention, the transmission termi-
nal may variably use a frequency band in data transmission.
The number of bits allocated to the VHT-SIG B varies accord-
ing to a frequency band applied to data transmission. For
example, in a 20 MHz mode, 26 bits are allocated to the
VHT-SIG B, and in a mode higher than 20 MHz, a frequency
tone is added according to channel bonding, so additional
bits, besides 26 bits, are allocated. For example, in a 40 MHz
mode, 54 bits, the same as those 0of 802.1 1n, may be used, and
when it is converted into 20 MHz, 27 bits may be used. In an
80 MHz mode, 117 bits may be used, and when it is converted
into 20 MHz, 29 bits may be used.

In this manner, as the bandwidth of frequency used for data
transmission increases, the amount of transmitted data is also
increased, and accordingly, the length of a field representing
the length of a frame is to be increased. In order to support the
maximum packet duration (5.46 ms) which can be defined in
the L-SIG field by a frequency band, bits for defining
DWORD are additionally required according to the increase
in the band size. Table 1 shows the configuration of the
VHT-SIG B field reflecting bits additionally allocated
through channel bonding according to each bandwidth.

In the PPDU format of FIG. 4, VHT-DATA is data pro-
cessed according to a modulation and coding scheme (MCS)
of each user, which includes a service field, a PSDU field, a
tail field, and a PHY pad field.

FIG. 5 shows the configuration of the VHT-DATA field
according to an embodiment of the present invention. The tail
field may be positioned immediately behind the PSDU field
or may be positioned at the end of the entire VHT-DATA field
according to the method for designating the length. In the
latter case, the position of the tail field can be accurately
recognized by using the number of symbols and an Ndbps
value.

FIG. 6 shows a format of the PSDU included in the VHT-
DATA field in FIG. 5. In FIG. 6, a Qword Pad field, an
A-MPDU null delimiter, a final MAC pad field may be selec-
tively added after the A-MPDU. The Qword pad field has the
size of a multiple of 4 bytes. The A-MPDU null delimiter is
added by the size designated in units of 4 bytes in a 4-byte
boundary. The final MAC pad fills a remaining area, failing to
reach 4 bytes, with bytes by a designated size.
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Hereinafter, diverse representation methods of length
information designating the length of a frame included in the
PSDU will be described.

FIG. 7 shows an embodiment in which length information
of'the PSDU is designated in the VHT SIG-B according to the
present invention. In FIG. 7, the length of a frame of each user
can be indicated by the VHT-SIG B field, the tail field may be
present immediately after the PSDU. The VHT-SIG B field is
modulated by BPSK 1/2, having high reliability, and accord-
ingly an error probability of length information is reduced.

FIG. 8 shows an embodiment in which length information
is designated by using a service field according to the present
invention. In FIG. 8, the length information (PSDU length) is
included in the service field of the VHT-DATA field. Here, the
service field extends from 16 bits to 32 bits.

As shown in FIG. 8, the service field may be configured
according to the following two methods.

1) Service field=Scrambler Seed (7 bits)+Reserved (9
bits)+User Length (16 bits)

2) Service field=Scrambler Seed (7 bits)+User Length (16
bits)+CRC (8 bits)

The length information appears after a decoding operation
in the service field, so it is positioned at the end of the DATA
field. When the service field includes a cyclic redundancy
check (CRC), if a CRC error occurs, data processing in the
PHY layer is stopped, obtaining power saving effect in the
PHY and MAC layers.

FIG. 9 shows an embodiment in which length information
is designated by using both the VHT-SIG B field and the
service field according to the present invention. The VHT-
SIG B field has a limited size, so it cannot include a CRC field
for error detection. When BPSK 1/2 modulation is employed,
the VHT-SIG B field has a size of 24 bits or 26 bits. When the
PSDU length information is included in the VHT-SIG B a
shown in FIG. 9, the CRC field may be included in the service
field to reduce overhead of the VHT-SIG B. The CRC field
having the size of 8 bits is applied to every field of the
VHT-SIG B field, a scrambler seed field of the service field,
and reserved bits. By protecting the respective fields by using
the CRC field, an error detection probability can be enhanced
and unnecessary data processing from the PHY layer can be
prevented.

Inthe foregoing embodiment, the CRC field included in the
service field can be applied as in the following two embodi-
ments.

1) CRC is applied to MCS, FEC, PSDU length and scram-
bler seed fields

2) CRC is applied to MCS, FEC, PSDU length fields,
excluding service field

FIG. 10 shows an embodiment in which a length field of the
PSDU is protected by using a parity bit according to the
present invention. As shown in FI1G. 10, a parity bit (1 bit) may
be added behind the PSDU length field to reduce an error in
restoring and detecting the PSDU length field.

FIG. 11 shows an embodiment in which a symbol length of
each user is transferred to the receiver according to the present
invention. Unlike the foregoing embodiment, in the embodi-
ment of FIG. 11, information regarding the length up to the
last symbol including a portion of the PSDU, rather than
information regarding the length of the PSDU, is transferred.
In this embodiment, the position of the tail field may vary
according to the number of symbols occupied by a user frame.
In order for a PHY pad field belonging to the last symbol
occupied by the PSDU to have a size of 0 to 7 bits, a MAC pad
field is padded in units of bytes (See FIG. 6). When the length
information is transmitted in units of symbols as in the present
embodiment, reserved bits existing in the VHT-SIG B field
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may be used for a different purpose. Meanwhile, when the
MAC pad field is included as shown in FIG. 11, information
included in the MAC pad field must be parsed after the PSDU
is transferred to the MAC layer of the receiver, potentially
generating overhead.

FIG. 12 shows a method for protecting the VHT-SIG B
field in the embodiment of FIG. 11. As shown in FIG. 12, the
transmitter includes the CRC field in the service field. Here,
the CRC field is calculated based on the VHT-SIG B (exclud-
ing the tail field) and inserted into the MSB 8 bits of the
service field. Namely, the scrambler seed field is not consid-
ered in calculating the CRC field. The service field and the
PSDU may be scrambled in the same manner as that of
802.11n.

The CRC field calculated thusly has an effect of protecting
an initial state of a scrambler, as well as protecting the VHT-
SIG B field. If the CRC field is calculated in consideration of
even the scrambler seed field, if there is an error in the initial
state of the scrambler, the CRC field has an error after
descrambling. Then, a CRC with respect to the VHT-SIG B
field also fails. Thus, the CRC field calculated as described
above has the effect of detecting even an error of the scram-
bler.

For reference, the number of octets calculated according to
the length field of the VHT-SIG B field cannot be greater, by
3 octets or more, than the number of octets calculated by the
L-SIG length and MCS field of the VHT-SIG B field.

FIG. 13 shows an embodiment in which the length infor-
mation of the PSDU is transmitted in units of Qword (4 bytes)
according to the present invention. In the embodiment of FIG.
12, the length information of the PSDU is transmitted by
Qword (4 bytes), rather than by byte or symbol. When the
length information is transmitted by Qword, the size of the
length field is reduced by 2 bits in comparison to the case in
which the size of the length field is transmitted by byte. Here,
like the embodiment of FIG. 6, the PSDU has a form in which
only the Qword pad field is added to the A-MPDU. In the
present embodiment, the last Qword has a value of 3 bytes or
smaller. Thus, the MAC layer of the receiver does not need to
parse the last Qword in parsing the A-MPDU, reducing over-
head as compared with the embodiment of FIG. 11.

FIG. 14 shows an embodiment in which only the length
information of the PSDU is included in the VHT-SIG B field
according to the present invention. In the embodiment of FIG.
14, only the PSDU length field, the CRC field, and the tail
field are included in the VHT-SIG B field having the size of 26
bits. In the present embodiment, the PSDU may be an
A-MPDU having a length by byte or may be an (A-MPDU+
Qword pad) having a length by Qword. Also, in the present
embodiment, the PSDU length field can be protected by the
CRC field.

Hereinafter, a method for indicating the end of a frame by
using the L-SIG transmission duration field of FIG. 4 and the
MAC padding scheme of FIG. 6 will be described with ref-
erence to FIG. 15. Also, a method of combining a length
indication of each user by using length information having the
Qword boundary described above in the embodiment of FIG.
11 will also be described with reference to FIG. 15.

FIG. 15 shows an embodiment in which length information
is represented by combining a MAC padding scheme and a
length indication scheme according the present invention. As
shown in FIG. 15, when the two methods are combined, a
method of using one tail field and a method of using two tail
fields can be applied.

In case in which the number of'tail fields is one as shown in
the frame illustrated at a lower portion in FIG. 15, the VHT
DATA field includes service, PSDU, PHY pad, and tail pad in
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this order. In this case, the PHY layer performs tracing back
by using the tail information at the last position, a Viterbi
decoder has processing delay to the last. Also, the decoder
cannot terminate decoding until it restores data by the length
designated in the VHT-SIG B length field. The data decoded
by the length designated in the VHT-SIG B length field in the
PHY layer is transferred to the MAC layer, and the length of
the received frame has a size of Ceiling(A-MPDU_Length/
4)*4 (Here, Ceiling( ) refers to a Ceiling function). In this
case, the VHT-SIG B length indicates the length of the
A-MPDU and Qword pad included in the PSDU format of
FIG. 6.

When there is an additional tail field as shown in the frame
illustrated at an upper portion in FIG. 15, the tail field may be
added to the Qword boundary when the frame is decoded by
using the length field in the receiver, thereby removing delay
by the length of tracing back in a BCC decoder. Thus, the
decoding of the decoder can be terminated faster. When the
data is transferred from the PHY layer to the MAC layer, the
data can be transferred to the MAC layer as fast as the length
or tracing back, and accordingly, the MAC layer can have a
gain in terms of the frame processing time.

Meanwhile, when a frame is transferred by using only the
L-SIG transmission duration and the MAC padding informa-
tion without using the length information of each user, the
PSDU including MAC padding is entirely transferred to the
MAC layer of the receiver. Thus, the MAC layer performs
parsing even on the MAC padding, generating overhead.

In the embodiment of FIG. 15, the transmitter configures
the PSDU as follows.

1) L_ampdu_x: length of A-MPDU of user x (byte unit)

2) L_psdu_x: A-MPDU of user x+length (byte unit) of
PSDU including MAC padding according to FIG. 6

3) Ndpbs_x: a number of data bits per symbol, value (bit
unit) of user x according to MCS

4) Nsym: a number of symbols

5) L_padding_x: length (byte unit) (Qword pad, null
delimiter) of MAC pad according to MAC padding scheme of
FIG. 6, final MAC pad

6) Nes: a number of BCC encoders

7) n number of user frames

Meanwhile, the MAC layer performs the MAC padding of
FIG. 6 as follows.

1) Nsym_x=Ceiling((16+8xL_ampdu_x+6*Nes)/Nd-
pbs_x)

2) Nsym=max(Nsym__1, ..., Nsym_n)

3) L_padding x=round((NsymxNdpbs_x-16-6*Nes)/
8)-L_ampdu_x

Here, I_padding_x designates the size of MAC padding to
be included for the user x. In the above process, a PSDU for
the user x is generated by inserting an appropriate padding
according to the size of [_padding x and the boundary of
L_ampdu_x.

Meanwhile, a padding insertion algorithm of the MAC
layer is as follows.

If (Ceiling(I_ampdu_x/4)*4<=(I._ampdu_x+L._pad-
ding x)

Insert Qword pad

Else

Insert final MAC pad of I_padding_x bytes and complete
generation of PSDU

When a remaining padding space is greater than or equal to
4 bytes, a null delimiter in units of 4 bytes is inserted. Also,
when a space of 3 bytes or smaller remains, a byte final MAC
pad is inserted to complete the generation of PSDU.

The MAC layer of the transmitter transmits Nsym, [,_amp-
du_x, MCS per user, and PSDU per user to the PHY layer
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through the TXVECTOR. The PHY layer of the transmitter
inserts a PHY pad by Npad_x and inserts a tail pad having the
size of 6*Nes according to the results of the following for-
mula.

L_gwordinB: It is value indicating A-MPDU length by
Qword in the Qword boundary and is transmitted through
VHT-SIG B

Npad_x: length (bit unit) of PHY pad of user x

Nsym=information transferred to a receiver through L-SIG
transmission duration information

Ndata_x=NsymxNdbps_x

Npad_x=(Ndata_x-(16+6*Nes)) % 8; PHY Pad(0~7)

L_gwordinB=Ceiling(l._ampdu_x/4)

When an additional tail pad is required, a position to be
substituted by the tail pad is determined according to the
following conditions.

If (L_psdu_x>=1._qwordinB*4)

First tail position=N_pos_{irst_tail=16+32x],_qwordinB

Else

Do nothing

The additional tail pad substitutes MAC padding, so the
A-MPDU, an actual user frame, is transferred as it is. The
MAC padding is merely padding information, rather than
meaningful data, so it does not affect the user data transmis-
sion. In case in which a front portion of a first null delimiter of
the MAC padding is substituted, when only the L.-SIG trans-
mission duration and the MAC padding are used, the null
delimiter is recognized as an error and the procedure is con-
tinuously performed until a next null delimiter.

The position to be substituted by the last tail pad is deter-
mined by following formula.

Second tail position=N_pos_second_tail=Ndata_x—
6*Nes

The receiver can discriminate the length of a user frame as
follows according to a method of detecting the end of the
frame. Here, the size of data transferred to the MAC layer is
determined according to the length of the user frame.

In the reception terminal using the VHT-SIG B length
information of each user, Rx Vector Length, the length of the
user frame, transferred to the MAC layer is determined by the
following formula.

If (L_psdu_x>=1._qwordinB*4)

Rx vector length=[._qwordinB*4 (byte unit)

Tail position=16+32xL,_qwordinB (bit unit)

Else

Rx vector length=round ((NsymxNdpbs_x-16-6*Nes)/8)

(byte unit)

Tail position=Ndata_x-6

When the MAC padding is applied to the L-SIG transmis-
sion duration, Rx Vector Length, the length of the user frame,
transferred to the MAC layer in the receiver is determined by
the following equation.

Rx vector length=round ((NsymxNdpbs_x-16-6*Nes)/8)

(byte unit)

Tail position=Ndata_x-6

FIG. 16 shows embodiments in which the additional tail
pad of FIG. 15 is substituted according to the present inven-
tion.

FIG. 17 is a block diagram for explaining an insertion of the
PHY pad performed in a PHY layer. When the MAC pad and
the PHY pad bits are included, BCC and LDPC codes are
required to be all encoded. Thus, the PHY pad is inserted
before scrambler. Upon receiving the frame generated thusly,
a decoder of the receiver performs decoding by using the
length information of the VHT-SIG B field, so the PHY layer
can obtain power saving effect.
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In the case of encoding using BCC, as shown in FIG. 17,
the PHY pad (0~7 bits) is positioned behind the PSDU, and
thereafter, the tail bits (6NES bits) are added. The padding
bits are added in front of the scrambler, and the six tail bits are
added before each encoder. The LDPC code does not have a
tail bit like in 802.11n.

FIG. 18 shows a modulation scheme of the VHT-SIG B and
a data representation scheme according to a bandwidth. As
described above, in an embodiment of the present invention,
the transmission terminal can variably use a frequency band
in transmitting data. FIG. 18 shows VHT-SIG B field configu-
rations when frequency bands applied for transmission are 20
MHz, 40 MHz, and 80 MHz, respectively. In FIG. 18, each
VHT-SIG B includes an SIG20 field converted into 20 MHz
and a tail field having the size of 6 bits.

As shown in FIG. 18, in the 40 MHz and 80 MHz modes,
the information of the VHT-SIG B field including the tail field
is iterated. Although not shown in FIG. 18, when frequency is
160 MHz, VHT-SIG B of 80 MHz is iterated twice.

As the VHT-SIG B field is iterated in the 40 MHz and 80
MHz modes, an error restoration probability can be enhanced
through repetition code in the receiver. Namely, the decoder
of'the reception terminal can iteratively use the value obtained
through decoding, thereby effectively enhance an error deci-
sion value used in a decoder input.

FIG. 19 illustrates the PPDU format according to an
embodiment of the present invention. As shown in FIG. 19,
the reception terminal sets CCA deferral by using the LSIG-
LENGTH transmission duration information and performs
L-SIGprotection. Length and rate information included in the
L-SIG field of FIG. 19 designates a transmission duration of
the PPDU, and in case of OFDM symbols having a long guard
interval, the length and rate information included in the
L-SIG field of FIG. 19 designate the number of symbols.

The MAC layer provides a VHT A-MPDU included in the
last byte of each user stream. The same preamble structure
and the same VHT A-MPDU format are used in the VHT-
frame of a single user (SU) and multiple users (MU). Here,
since the A-MPDU is used all the time, an aggregation bit
indicating whether or not the A-MPDU is used is not included
in the VHT-SIG field. The PHY layer provides a PHY pad of
0to 7 bits. The PHY pad is positioned in front of the tail field.

The PHY layer of the reception terminal decodes only the
useful data part by using the DWORD length included in the
VHT-SIG B and the transfers the same to the MAC layer.
Here, a delimiter and a padding part behind the useful data are
not decoded and PHY processing is stopped, obtaining a
power saving effect.

FIG. 20 illustrates a PPDU format according to another
embodiment of the present invention.

The use of the length field of VHT-SIG B as shown in FIG.
19 can obtain a power saving effect in the PHY layer. Mean-
while, the use of the PPDU format as shown in FIG. 20 can
obtain a power saving effect even in the MAC layer.

In FIG. 20, a Null subframe positioned at the end of the
A-MPDU is used as a special padding delimiter having EOF
flag information. When the MAC layer of the receiver detects
the padding null delimiter including the EOF flag, the MAC
layer transmits an operation stop signal to the PHY layer,
obtaining a power saving effect.

FIG. 21 shows the configuration of a transmission terminal
according to an embodiment of the present invention.

A transmission terminal 2102 includes a data field genera-
tion unit 2104, a signal field generation unit 2106, a data
frame generation unit 2108, and a transmission unit 2110. The
data field generation unit 2104 generates a data field includ-
ing data (e.g., A-MPDU) desired to be transmitted to a recep-
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tion terminal. Here, the data field may include a service field
and a PHY service data unit (PSDU) field, and the PSDU field
may include data desired to be transmitted to the reception
terminal.

The data field generation unit 2104 may generate a PSDU
field as described above in the embodiment of FIG. 15. The
data field generation unit 2104 first calculates the size of an
MAC padding to be added behind the data included in the
PSDU as follows.

D Nsym_x=Ceiling((16+8xL_ampdu_x+6*Nes)/Nd-
pbs_x)

2) Nsym=max(Nsym__1, ..., Nsym_n)

3) L_padding x=round((NsymxNdpbs_x-16-6*Nes)/
8)-L_ampdu_x

Thereafter, the data field generation unit 2104 adds a
Qword pad, a Null delimiter, and a final MAC pad behind the
data according to the size of the MAC padding as follows.

It  (Ceiling(L._ampdu_x/4))*4<=(I._ampdu_x+L._pad-
ding_x)

Insert Qword pad

Else

Insert final MAC pad of [_padding_x byte and complete

generation of PSDU

When a remaining padding space is greater than or equal to
4 bytes, the data field generation unit 2104 inserts a null
delimiter in units of 4 bytes. Also, when a space of 3 bytes or
smaller remains, the data field generation unit 2104 inserts a
byte final MAC pad and completes the generation of the
PSDU.

The signal field generation unit 2106 generates a signal
field including information regarding the data field generated
by the data field generation unit 2104. Here, the signal field
may include a length field designating the size of the data and
Qword pad included the PSDU field. Also, the signal field
may further include a modulation and coding scheme (MCS)
field including information regarding a modulation and cod-
ing method of the data field. Also, the service field may
include a CRC bit calculated based on the information
included in the signal field.

The data frame generation unit 2108 generates a data frame
including the generated data field and signal field. The trans-
mission unit 2110 transmits the data frame generated by the
data frame generation unit 2108 to the reception terminal.

FIG. 22 shows the configuration of a reception terminal
according to an embodiment of the present invention.

A reception terminal 2202 includes a reception unit 2204,
a decoding unit 2206, and a data obtaining unit 2208. The
reception unit 2204 receives a data frame including a data
field including data (e.g., an A-MPDU) intended to be trans-
mitted by a transmission terminal and a signal field including
information regarding the data field from the transmission
terminal.

The decoding unit 2206 decodes the data frame received by
the reception unit 2204 and outputs the signal field and the
data field. Respective fields included in the signal field and the
data field have been described above with reference to FIG.
21.

The data obtaining unit 2208 obtains the data from the data
field by using the signal field output by the decoding unit
2206.

FIG. 23 is a flow chart illustrating a process of a data
transmission method according to an embodiment of the
present invention.

First, a data field including data (e.g., an A-MPDU)
intended to be transmitted to a reception terminal is generated
(2302). A signal field including information regarding the
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generated data field is generated (2304). Thereafter, a data
frame including the generated data field and signal field is
generated (2306).
Here, the data field includes a service field and a PSDU
field, and the PSDU field includes the data intended to be
transmitted to the reception terminal. Also, the PSDU field
includes the data intended to be transmitted to the reception
terminal and a Qword pad, a Null delimiter, and a final MAC
pad added behind the data. Also, the signal field may include
a length field designating the size of the data and the Qword
pad included in the PSDU field and an MCS field including
information regarding a modulation and coding method of the
data field. Also, the service field may include CRC bits cal-
culated based on the information included in the signal field.
Finally, the generated data frame is transmitted to the
reception terminal (2308).
FIG. 24 is a flow chart illustrating a process of a data
reception method according to an embodiment of the present
invention.
First, a data frame including a data field including data
(e.g., A-MPDU) intended to be transmitted by a transmission
terminal and a signal field including information regarding
the data field is received (2402). The received data frame is
decoded to output the signal field and the data field included
in the data frame (2404).
Here, the data field includes a service field and a PSDU
field, and the PSDU field includes the data intended to be
transmitted by a transmission terminal. Also, the PSDU field
includes the data intended to be transmitted to a reception
terminal and a Qword pad, a Null delimiter, and a final MAC
pad added behind the data. Also, the signal field may include
a length field designating the size of the data and the Qword
pad included in the PSDU field and an MCS field including
information regarding a modulation and coding method of the
data field. Also, the service field may include CRC bits cal-
culated based on the information included in the signal field.
Finally, the data is obtained from the data field by using the
output signal field (2406).
While the present invention has been shown and described
in connection with the embodiments, it will be apparent to
those skilled in the art that modifications and variations can be
made without departing from the spirit and scope of the
invention as defined by the appended claims.
The invention claimed is:
1. A method for wireless local area network using Multi-
User Multiple Input Multiple Output (MU-MIMO) transmis-
sion, the method comprising,
generating a common signal field for all users including
transmission duration information that indicates a dura-
tion of a Physical layer Protocol Data Unit (PPDU);

generating a user dedicated Very High Throughout Sig-
nal-B (VHT SIG-B) field including length information
indicating a length of a Physical layer Service Data Unit
(PSDU) and information about a Modulation and Cod-
ing Scheme (MCS);
generating VHT data including a service field and the
PSDU; and

transmitting the PPDU including the common signal field,
the VHT SIG-B field and the VHT data over an operating
channel,

wherein the service field includes scrambler information

and a cyclic redundancy check (CRC), the CRC being
calculated over the VHT SIG-B field.

2. The method of claim 1, wherein the VHT SIG-B field
includes a block of bits, wherein a bit number of the block of
bits is determined based on a channel bandwidth of the oper-
ating channel.
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3. The method of claim 2, wherein the bit number of the
block of bits is 26 bits if the channel bandwidth is 20 MHz, the
bit number of the block of bits is 27 bits if the channel
bandwidth is 40 MHz and the bit number of the block of bits
is 29 bits if the channel bandwidth is larger than 40 MHz.

4. The method of claim 1, wherein the number of bits for
the scrambler seed is 7 and the number of bits for the CRC is
8.

5. The method of claim 2, wherein the block of bits is
repeated a predetermined number of times in accordance with
the channel bandwidth of the operating channel.

6. The method of claim 5, wherein the block of bits is
repeated twice if the channel width of the operating channel is
40 MHz.

7. The method of claim 5, wherein the block of bits is
repeated four times if the channel width of the operating
channel is 80 MHz.

8. The method of claim 7, wherein the repeated block of
bits is repeated twice if the channel width of the operating
channel is 160 MHz.

9. The method of claim 1, wherein the PPDU includes a
plurality of PSDUs and the transmission duration information
indicates a duration of a longest PSDU having longest trans-
mission duration among the plurality of PSDUs.

10. The method of claim 9, wherein for each of the plurality
of PSDUs, padding bits are added to a PSDU when the PDSU
has shorter transmission duration than the transmission dura-
tion.

11. The method of claim 1, wherein the VHT SIG-B field is
modulated with a binary phase shift keying (BPSK).

12. An apparatus for wireless local area network using
Multi-User Multiple Input Multiple Output (MU-MIMO)
transmission, the apparatus comprising:

a signal field generator configured to:

generate a common signal field for all users including
transmission duration information that indicates a
duration of a Physical layer Protocol Data Unit
(PPDU);,
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generate a user dedicated Very High Throughout Sig-
nal-B (VHT SIG-B) field including length informa-
tion indicating a length of a Physical layer Service
Data Unit (PSDU) and information about a Modula-
tion and Coding Scheme (MCS);

generate VHT data including a service field and the
PSDU; and

atransmitting unit configured to transmit the PPDU includ-

ing the common signal field, the VHT SIG-B field and

the VHT data over an operating channel,

wherein the service field includes scrambler information

and a cyclic redundancy check (CRC), the CRC being
calculated over the VHT SIG-B field.

13. The apparatus of claim 12, wherein the VHT SIG-B
field includes a block of bits, wherein a bit number of the
block of bits is determined based on a channel bandwidth of
the operating channel.

14. The apparatus of claim 13, wherein the bit number of
the block of bits is 26 bits ifthe channel bandwidth is 20 MHz,
the bit number of the block of bits is 27 bits if the channel
bandwidth is 40 MHz and the bit number of the block of bits
is 29 bits if the channel bandwidth is larger than 40 MHz.

15. The apparatus of claim 14, wherein the number of bits
for the scrambler seed is 7 and the number of bits for the CRC
is 8.

16. The apparatus of claim 13, wherein the block of bits is
repeated a predetermined number of times in accordance with
the channel bandwidth of the operating channel.

17. The apparatus of claim 16, wherein the block of bits is
repeated twice if the channel width of the operating channel is
40 MHz.

18. The apparatus of claim 16, wherein the block of bits is
repeated four times if the channel width of the operating
channel is 80 MHz.

19. The apparatus of claim 16, wherein the repeated block
of'bits is repeated twice if the channel width of the operating
channel is 160 MHz.



